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SUMMARY O F  RESEARCH 

Runway Approach Guidance Using Loran-C 

1.0 In t roduc t ion  

For 1983, r e sea rch  a c t i v i t y  i n  t h e  NASA J o i n t  Univers i ty  Program f o r  A i r  Trans- 
p o r t a t i o n  Technology has concentrated on severa l  t o p i c s  connected wi th  i n v e s t i g a t i n g  
t h e  use of Loran-C f o r  f l y i n g  "pseudo-precision" approaches t o  runways a t  low d e n s i t y  
genera l  a v i a t i o n  a i r p o r t s .  These t o p i c s  have a r i s e n  i n  p repa ra t ion  f o r  a f l i g h t  t e s t  
demonstration o f  approaches to be flown a t  Hanscom a i r p o r t  i n  Bedford, Mass. The 
goal  of t h i s  r e sea rch  has evolved t o  determining the  l i m i t a t i o n s  i n  providing both 
c e n t e r l i n e  and a l t i t u d e  guidance f o r  runways i n  good Loran-C s i g n a l  coverage. The 
high Sat= rate (10 p e r  second) and good "repeatable"  accuracy (60 f e e t ,  10) of 
Loran-C i n d i c a t e  t h a t  it w i l l  be p o s s i b l e  t o  provide t h e  p i l o t  wi th  a continuous,  
c ros s  p o i n t e r  d i sp l ay  of guidance information s i m i l a r  t o  t h a t  provided by ILS/MLS, 
a t  least when good s igna l -noise  ratios and good geometry from Loran-C LOP'S (Lines 
of Pos i t i on )  e x i s t  a t  t h e  airport .  

The r e sea rch  goa ls  are t o  demonstrate approach guidance of  h igher  q u a l i t y  than 
p r i o r  demonstrations of where L-NAV approaches t o  t h e  airport i n  t h e  d i r e c t i o n  of t h e  
runway have been flown. The i n t e n t i o n  here  is t o  provide performance more s i m i l a r  t o  
ILS/MLS, and to  determine t h e  degradat ion of guidance performance as geometr ical  and 
s igna l -noise  f a c t o r s  degrade. With t h e  advent Qf very low c o s t ,  h igh performance 
Loran-C r c c e i v e r s  f o r  genera l  a v i a t i o n  to approach guidance for use i n  enroute  area-  
naviga t ion ,  it i s  t imely t o  explore  t h i s  appl ica t ion ,  s i n c e  t h e  r e s u l t s  may have 
pe r t inence  to  dec i s ions  on deploying MLS/ILS i n  t h e  NAS (Nat ional  Airspace System) 
and t h e  f u t u r e  role of GPS (Global Posi t ioning System) f o r  genera l  a v i a t i o n .  

2.0 Descr ip t ion  of  t h e  Concept 

The b a s i s  f o r  t h e  concept l i e s  i n  t h e  remarkable s t a b i l i t y  of  po in t s  l oca t ed  i n  
Loran-C T D  (T ime  Difference)  coordinates  over extended per iods  of t i m e .  P r i o r  work 
by s tuden t s  i n  t h i s  program ( see  r e f .  1) noted t h a t  t h e  r epea tab le  accuracy over  
long per iods  of  t i m e  w a s  a few hundred f e e t ,  and over  a s h o r t  du ra t ion  perhaps 
60 f e e t .  This  l e a d s  one to  t r y  to  use t h i s  s h o r t  t e r m  r epea tab le  accuracy and t h e  
high p o s i t i o n  rate of Loran-C by e s t ab l i sh ing  a local tangent  p lane  coord ina te  frame, 
centered  on t h e  touchdown po in t .  The loca t ion  of  t h e  o r i g i n  of  t h i s  coordinate  frame 
can be descr ibed  i n  Loran-C TD va lues  which a r e  publ ished and perhaps updated by the  
p i l o t  a t  the  t i m e  of i n i t i a t i n g  t h e  Loran-C approach. A s impler  conversion of Loran 
TD' s  can be made i n t o  t h e  l o c a l  tangentp lane  coord ina te  frame a t  high data r a t e s ,  and 
i s  independent of t h e  errors i n  modelling the E a r t h ' s  r e fe rence  e l l i p s o i d  and var ia -  
t i o n s  i n  s i g n a l  propagat ion v e l o c i t y ,  thereby avoiding some of t h e  major sources  of 
Loran-C error f o r  enroute  f ly ing .  
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The Loran-C rece ive r  can provide d a t a  a t  a rate of roughly 10 t i m e s  per second 
on cross- t rack and along-track p o s i t i o n  and p o s i t i o n  rate. 
f i l t e r e d ,  and combined with heading rate d a t a  i n  a microprocessor be fo re  genera t ing  
s i g n a l s  f o r  the a u t o p i l o t  or p i l o t  d i sp l ay .  Since d i s t ance  t o  touchdown is  known, 
the  nominal g l ide  s lope  a l t i t u d e  can be determined very accu ra t e ly .  This can be d i s -  
played separa te ly ,  o r  combined with s i g n a l s  from an encoding a l t i m e t e r  t o  d i s p l a y  t h e  
c u r r e n t  a l t i t u d e  devia t ion  t o  the  p i lo t .  Both c ross - t rack  and a l t i t u d e  dev ia t ion  
s i g n a l s  can be d isp layed  e l e c t r o n i c a l l y .  

This can be s u i t a b l y  

3.0 The Loran-C Approach Guidance Display 

A spec ia l  d i sp l ay  has been designed and cons t ruc ted  which uses  a microprocessor 
t o  i n t e r p r e t  data  from t h e  Loran-C r e c e i v e r  and d r i v e  bar-graph and seven-segment 
L E D ' s  d i sp l ay  un i t s .  The Loran-C r e c e i v e r  (Micrologic ML-3000) has been e s p e c i a l l y  
modified to  t ransmit  f i l t e r e d  d a t a  on TD and TD rate once p e r  second v i a  a RS232 
l i n k ,  and t h e  f i l t e r  cons tan ts  of t he  r e c e i v e r  can be s e t  by the  experimenter.  

Figure 1 shows t h e  c u r r e n t  layout  of t h e  f r o n t  panel  of t h e  Loran-C Approach 
Guidance Display i n  i t s  p r e s e n t  conf igura t ion .  The top  bar-graph LED d i sp lay  w i l l  
show r i g h t - l e f t  cross t r a c k  dev ia t ions  from t h e  runway c e n t e r l i n e .  The bottom LED 
w i l l  be used to  show cross- t rack  ve loc i ty .  The seven-segment LED d i s p l a y s  on t h e  
r i g h t  s i d e  of t h e  d i sp l ay  w i l l  g ive  numerical readout  of range t o  touchdown and 
g l i d e  s lope  a l t i t u d e .  The microprocessor program f o r  t h e  d i sp lay  has been w r i t t e n  
and t e s t e d  fo r  a c u r r e n t  vers ion  which uses  only Loran-C da ta .  Later developments 
w i l l  accommodate d a t a  from heading rate gyros and t h e  encoding a l t i m e t e r ,  and d i s -  
p lay  g l i d e  path dev ia t ion .  

There a r e  s e v e r a l  a l t e r n a t e  d i sp l ay  op t ions  which have been considered.  The 
o r i g i n a l  P-POD CRT d i sp lay  developed under t h i s  g r a n t  w a s  abandoned i n  favor  of  t h e  
new d i s p l a y  of f i g u r e  1. A d i g i t a l l y  dr iven ,  electro-mechanical round d i s p l a y  has  
a l s o  been constructed and w i l l  be flown t o  t es t  i t s  opera t ion .  I n  January 1983, 
Norry Dogan, an undergraduate a t  MIT, v i s i t e d  Langley Research Center  f o r  1 week t o  
work with Langley personnel  on cons t ruc t ing  the  d i sp lay  of  f i g u r e  1. 

During tha t  week, a d i sp l ay  case  w a s  b u i l t ,  p r i n t e d  c i r c u i t  boards were designed 
by Langley personnel from a p i n  diagram of t h e  d i sp lay  c i r c u i t  suppl ied  by MIT, and 
some software problems were solved.  The p r i n t e d  boards w e r e  subsequently manu- 
f ac tu red  a t  Langley Research Center. They r ep lace  t h e  w i r e  wrapped board b u i l t  a t  
MIT . 

F i n a l l y ,  a f l a t  pane l ,  b i t  mapped LCD d i s p l a y  (3-1/2" by 7" )  has been purchased 
f o r  genera l  experimentation; it w a s  planned i n  t h e  next  y e a r ' s  work t o  develop 
d i g i t a l  c i r c u i t r y  t o  c r e a t e  an approach d i s p l a y  using t h i s  device f o r  t h e  next  
y e a r ' s  work. 

4.0 The Flu id ic  Rate Gyro and Encoding A l t i m e t e r  

A f l u i d i c  r a t e  gyro o r i g i n a l l y  conceived a t  NASA Langley Research Center has 
been developed f u r t h e r  a t  MIT. Fur ther  modi f ica t ions  a r e  planned t o  improve i t s  
frequency response before  incorpora t ing  it i n  t h e  approach guidance system. The 
o r i g i n a l  thermistors  were modified t o  keep them a t  a cons t an t  temperature ,  and now 
they are being replaced with hot-wire elements with l e s s  thermal i n e r t i a .  
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A s  a r e s u l t  o f  a conversat ion between John Einhorn, another  undergraduate a t  
MIT, and M r .  Gary B u r r e l l ,  V i c e  P re s iden t  Engineering, King Radio C o r p .  a t  t h e  June 
1983 Research Progress  meeting a t  Ohio University,  MIT received a Model 5035 
e l e c t r i c a l  encoding altimeter. 
system by Einhorn i n  t h e  next year .  

It  w a s  t o  be incorporated i n t o  the  approach guidance 

5.0 Ground Survey of Loran-C Signals  a t  Hanscom F i e l d  

I n  t h e  pe r iod  November 1983 - January 1984 t h e  ML-3000 receiver w a s  mounted i n  
ground v e h i c l e s  f o r  var ious  prel iminary tests of  i t s  opera t ions .  D a t a  were d isp layed  
and s t o r e d  us ing  an Apple I1 computer, and l a t e r  p r i n t e d  out .  These t e s t s  showed t h e  
s h o r t  t e r m  accu rac i e s  of  t h e  r ece ive r ,  and i t s  t r a n s i e n t  response t o  speed changes of 
t he  ground vehic le .  Typical  da t a  obta ined  are shown i n  f i g u r e s  2, 3, 4 ,  and 5 where 
t h e  f i l t e r  cons t an t s  f o r  a slow moving vehicle  (marine)  and f a s t  moving v e h i c l e  
( a i r c r a f t )  a r e  being used. 

Figures  2 and 3 show the  t r a n s i e n t  response of  p o s i t i o n  d a t a  t o  a c c e l e r a t i n g  t h e  
veh ic l e  t o  a given speed, and then dece lera t ing  t o  a s t o p  f o r  t h e  t w o  f i l t e r s .  Fig- 
ures  4 and 5 provide some d a t a  on t h e  e f f e c t  of poor SNR (Signal  Noise Ratio) on t h e  
s tandard  d e v i a t i o n  of  s h o r t  term p o s i t i o n  data whi le  s t a t i o n a r y .  Notice t h a t  t h e  
a i r c r a f t  posi t ion d a t a  degrades from 0.07 psec (69 f e e t )  a t  good SNR t o  va lues  around 
0 .2  psec (196 f e e t )  when SNR i s  -20 dB. I f  the s h i p  f i l t e r  cons t an t s  a r e  used, t h e  
i i e a v y  s l m  f i l t e r  g r e a t l y  improves t hese  shor t  t e r m  s tandard  d e v i a t i o n s  to  va lues  of  
0.02 psec (20 feet)  a t  good SNR and 0.08 Vsec (80 f e e t )  a t  poor SNR. Fur the r  exper i -  
mentation i s  planned on these  d a t a  which w i l l  inc lude  information on T D  r a t e s  ou tpu t  
by t h e  r ece ive r .  The d a t a  ga ther ing  programs have been w r i t t e n  f o r  t h e  Apple Com- 
p u t e r ,  i nc lud ing  a Fast Four ie r  Transform coding which w i l l  p rovide  information on 
the  s p e c t r a l  d i s t r i b u t i o n  of those e r r o r  s igna ls .  

I--..--. 

I n  January,  a prel iminary ground survey of t h e  Loran-C s i g n a l  g r i d  around 
Hanscom f i e l d  w a s  c a r r i e d  o u t  t o  d i scove r  any anomalies,  and t o  measure t h e  TD 
g rad ien t s  from t h e  Caribou-Seneca and Nantucket-Seneca LOP'S. Touchdown p o i n t s  f o r  
a l l  runways were surveyed, a s  we l l  a s  a var ie ty  of p o i n t s  around the  per iphery  of 
the airport .  Figure 6 shows the  l o c a t i o n  of t h e  t es t  po in t s  a r o m d  t h e  a i r f i e l d ,  a s  
we l l  a s  t h e  Loran-measured p o s i t i o n .  The Airport  Reference Po in t  was chosen as t h e  
Loran r e fe rence  po in t ,  and i ts  T D ' s  ad jus ted  t o  o b t a i n  a zero mean e r r o r  f o r  a l l  
21  p o i n t s  surveyed. From these  da t a ,  it was discovered t h a t  anomalies of s e v e r d  
hundred f e e t  could e x i s t  a t  hangars ,  amongst trees, and on s lop ing  ground. This  sug- 
g e s t s  more e f f o r t  be expended i n  surveying t h e  airport, and t h a t  a ba l loon  p la t form 
should be cons t ruc t ed  t o  raise the  Loran-C antenna o f f  t h e  ground su r face  t o  s e e  i f  
t hese  s u r f a c e  anomalies d i sappear ,  and to explore t h e  f i n a l  approach airspace along 
the  g l i d e  s lope .  

I n  genera l ,  a good Loran-C g r i d  e x i s t s  a t  Hanscom f i e l d ,  and t h e  measured and 
c a l c u l a t e d  TD g rad ien t s  show e x c e l l e n t  agreement. For Seneca-Caribou, t h e  measured 
g rad ien t  w a s  161.5 m/psec, compared t o  t h e  t h e o r e t i c a l  ( v  = 1) 162.6 m/psec f o r  
Hanscom. For Seneca-Nantucket, t h e  measured g r a d i e n t  w a s  177.5 m/psec compared t o  
the  t h e o r e t i c a l  180.4. Since t h e  99% confidence i n t e r v a l  f o r  t h e  sample is  
t 6  m/psec, t h i s  d i f f e r e n c e  is n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  These survey p o i n t s  are 
to  be extended ( f i g .  6 ) .  'z 
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6.0 Computer Simulation of Loran-C Approach Fly ing  

F i n a l l y ,  a computer s imula t ion  of approach f l i g h t s  t o  Hanscom has been i n i t i a t e d  
t o  allow more d e t a i l e d  explora t ion  of t h e  e f f e c t s  of a l l  these  parameters on expected 
approach guidance. With the  knowledge of t h e  s i g n a l  geometry,' t h e  s t a t i s t i c a l  Loran 
d a t a  output  by t h e  r ece ive r  over space and t ime,  it w i l l  be p o s s i b l e  t o  explore  t h e  
e f f e c t s  of  crosswind, t h e  mixing of  heading rate and a l t i t u d e  s i g n a l s ,  etc. ,  and t o  
r epea t  many simulated approaches t o  s e e  t h e  average s t a t i s t i c a l  performance of t h e  
guidance system and d i sp lay .  
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Figure  1. Loran-C approach guidance d i sp lay .  

F igure  2.  T rans i en t  response of marine f i l t e r .  
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Figure 3. Transient response of a i rc raf t  f i l t e r .  
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Figure 4. Effect of SNR on short-term TD variation. 
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Figure  5. Short-term v a r i a t i o n  i n  p o s i t i o n  versus  SNR. 
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Figure  6. Loran-C survey a t  Hanscom F ie ld ,  
r e s i d u a l  errors i n  touchdown p o s i t i o n .  
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